tosh and Selbie (1937) employed somewhat larger tubes (2.0-0.5 cm.) and a high speed air driven centrifuge for the same purpose. These workers measured the percentage of infectivity left in a given portion of the supernatant and calculated particle size directly from these data, after making assumptions as to density and shape. They did not express the results as sedimentation constants.
In the present work a capillary tube of 2 mm. inside diameter and several centimeters long was centrifuged in swinging cups in an International size 1-SB centrifuge until the virus had sedimented approximately 2 cm. The use of small diameter tubes reduced the danger of mixing during centrifugation and subsequent manipulations. Allowing the virus to sediment a relatively great distance considerably increased the accuracy of a sedimentation constant measurement for any fixed error involved in removing the sample. After centrifugation, samples were taken at various depths and assayed for infectivity. This was preferred to assaying for the percentage of virus left in a given proportion of the supernatant, since it obviated the necessity for a quantitative assay. In practice, the virus was found to be absent in all samples removed above and present in all samples removed below a certain point. Expressing the results thus obtained as a sedimentation constant has the advantage over calculations of a particle size inasmuch as such a constant characterizes each type of particle and requires no assumptions as to density and shape of the particle concerned.
Preliminary experiments (Brakke et a., 1950) showed a boundary visible to the naked eye in centrifuged capillary tubes containing concentrates from diseased plants whereas no similar boundary was observed in tubes containing corresponding concentrates from healthy plants.2 This boundary was visible because of a sudden increase, over the distance of a few tenths of a millimeter, in the scattered light. Samples removed from below this boundary were infective while those removed from above it were not, indicating that the virus was associated with the boundary.
MATERIALS AND METHODS.-N. rustica plants infected with New York potato yellow-dwarf were used as a source of the virus. Preparations of the virus were made by differential centrifugation using a refrigerated Servall SS-2 vacuum-type centrifuge which had an angle head 12 in. in diameter. Times and speeds of centrifugation were based on preliminary studies of the sedimentation of the infectivity in angle head centrifuges (Black, 1950). All preparative work was done in a cold room kept between 0? and 3?C., the following procedure being used in most cases. Thoroughly infected leaves were collected, washed with tap water and stored overnight in the cold room. They were blended for 3 min. in a Waring blendor3 with 100 ml. of solvent I (0.05 M sucrose, 0.15 M NaCl, and 0.01 M neutral potassium phosphate buffer) and 4 g. of K2HPO4 per 100 g. of leaves. This gave a nearly neutral extract which was squeezed through cheesecloth. The virus was concentrated by two cycles of differential centrifugation, clarification being carried out at 10,000 r.p.m. for 10 min. and the virus sedimented down at 13,000 r.p.m. for 1 hr. After being thrown down the first time the virus was taken up in half the original volume of solvent I. The last precipitate was taken up in a small amount of solvent 11 (0.15 M NaCl, 0.01 M neutral potassium phosphate buffer) which was the suspending medium used for sedimentation rate experiments. The green color was not completely removed from any of the preparations. The preparation of virus concentrates and the measurements of sedimentation rates could be carried out in 2 days. However, sometimes a week was allowed to elapse before the sedimentation rates were determined. Similar sedimentation constants were obtained in all cases but electron micrographs of preparations a week old showed less contaminating material. Concentrates from healthy N. rustica plants were always prepared and investigated at the same time as those from diseased plants.
Infectivity assays were carried out by dusting N. rustica leaves of the proper age (Black, 1938) with carborundum (500 mesh) and then rubbing the leaves with a cheesecloth pad soaked in the extract to be tested. Comparisons of infectivity in different extracts were made by inoculating opposite half leaves.
The 2 mm. capillary tubes were held in place in a water-filled centrifuge cup by a 3 mm. section of a one-hole rubber stopper at the bottom and by a cork with a hole in its center at the top. Best results were obtained with one tube per cup. The centrifuge was run in the cold room for 4-6 hr., the speed being noted at hourly intervals. Other measurements were made after the centrifuge had stopped. The temperature of the water surrounding the tubes was determined, separate experiments having shown that this temperature reached a certain level in 15 min. and then remained constant. The heights of the bottom of the meniscus and of any visible boundaries were measured. Samples were removed from various depths with a fine hooked capillary ( fig. 1 ) and used for infectivity tests and electron microscope mounts. Fig. 1 also shows examples of the capillary tubes that were used, one tube showing, a boundary obtained after centrifuging a virus preparation and the other a concentrate from healthy plants under similar conditions. 3Tests showed that extracts obtained from a Waring blendor were as infective as those obtained by thorough maceration of the leaves in a mortar and pestle. Quantitatively, the infectivity data can be interpreted in either of two ways. First it could be assumed that the virus particles all have the same size and sedimentation constant and that the visible boundary was not necessarily due to the virus. Then the infectivity data could be calculated to show that the sedimentation constant of the active virus falls within certain limits. In the present case it has been found convenient to express these limits as percentages of the sedimentation constant of the visible boundary, since the sedimentation rates of both the visible boundary and the infectivity varied markedly, but to the same degree, with the concentration of the extract which was centrifuged. Or, secondly, it could be assumed that the visible boundary was due to the active virus, in which case it If the infectivity data are calculated on the assumption that the visible boundary marks the place of greatest change in virus concentration, it shows that not more than 10 per cent of the active virus has a sedimentation constant less than 90 per cent that of the boundary. For this calculation the infectivity data were interpreted as meaning that there was less than 10 per cent of the active virus small enough so that it had not sedimented past a point 2 mm. above the visible boundary. This 10 per cent is a maximum value, for it was calculated on the assumption that the concentration of active virus did not measurably increase from the boundary to the point where the lower sample was re--moved. Actually, if the virus particles are not all the same size, the concentration should have increased in this region to an amount depending on the proportion of virus that sedimented faster than the visible boundary. The techniques used in the present experiments did not detect any such increase, for samples removed at various places below the boundary had approximately the same infectivity.
For electron microscopy (Wyckoff 1949) micro, drops of suitably diluted suspensions were dried on the usual collodion-covered grids and then washed free from salts by the addition and subsequent removal of several droplets of water. After this they were dried, shadowed in the usual way Again the figure showing the narrowest limit is the most significant since the variation from experiment to experiment depends on the partly arbitrarily chosen points for removal of the samples. The absence of this boundary in preparations from healthy plants and the close association of the virus with the boundary as shown by these infectivity data, for all preparations tested and for a variety of experimental conditions, suggest that the boundary may be due to the virus. Hereafter, use of the term "sedimentation rate of the virus" will refer to that rate as measured by observation of this visible boundary.
In columns two and three of table 1, the numerators give the number of lesions and the denominators give the number of half leaves inoculated with the samples removed from the centrifuge tubes. The infectivity found in the upper sample in one experiment could be interpreted as due to mixing during removal of the sample, which in this case was removed only 1 mm. from the boundary, or as being a measure of the amount of virus with a slower sedimentation rate. If it is due to mixing, it would appear that 1 mm. from the pipette intake is the approximate limit where mixing occurs during removal of samples by this technique. In most of the experiments the upper samples were removed 2 mm. above the boundary, but in one case an upper sample was removed only 0.5 mm. above the boundary and was not infective.
Correlation of bodies with infectivity and boundary.-Electron microscope mounts were prepared from samples removed from above and from below the boundary of the virus-containing tubes. Control samples were removed from tubes containing concentrates from healthy plants at positions corresponding to the lower samples from the viruscontaining tubes. These mounts were labeled in code and examined under the electron microscope by one of us who did not know the key to the code. Of eighteen electron microscope determinations on samples from below the boundaries in virus-containing tubes, fifteen were classified as having virus and three as doubtful. Of thirteen determinations on non-infective samples from above the boundaries in virus-containing tubes, seven were classified as having no virus and six as doubtful. Five determinations were made on mounts from the one infectious upper sample, mentioned earlier, and of these, two were classified as having virus and three as doubtful. Of twelve determinations on samples from healthy concentrates, eleven were classified as having no virus and one as doubtful.
Where the virus bodies predominate in a micro- graph, there is no difficulty in identifying thcm. However, some bodies seen in micrographs of concentrates from healthy plants are quite similar to the virus bodies. Of course, in concentrates from healthy plants there was no doubt that such bodies were not virus, but in preparations of origin unknown to the examiner, such cases were always classified as doubtful; it is likely that in most or all cases these bodies were not virus.
Variation of sedimentation rate with concentration.-In these impure preparations, the sedimentation rate of the virus varied markedly with the concentration of the extract. This maXy be explained by the high viscosity due to the impurities present. Fig. 2 shows the viEcosities of two concentrates prepared from healthy N. rustica by a series of centrifugations such as were used to make the virus preparations. The concentration is expressed as milligrams of N per ml. There were 18-20 mg. of solids per milligram N in these preparations. This viscosity is more than sufficient to account for the decrease in sedimentation rate of the virus with increase in concentration of the extract. However, it was impossible to make a direct correction of the sedimentation rate of the virus at any given total concentration of solids because the concentration of impurities was unknown, they were heterogeneous, and were sedimenting at various rates. The correct value of the sedimentation constant of the virus may be obtained by extrapolating to zero concentration. In two experiments it was shown that the infectivity and bodies seen in electron micrographs follow the visible boundary in this variation of sedimentation rate with concentration. The marked variation of sedimentation rate of the virus with concentration of impurities makes it important to work with a relatively low concentration during purification of the virus by centrifugation. For the type of extracts used here, the concentration of solids should be less than 5 mg. per ml. or the concentration of nitrogen less than 0.25 mg. per ml.
Experience in obtaining the above results has given an indication of the accuracy of the method, which is important in considering its further use. Shape of the virus bodies.-The virus bodies as seen in the electron micrographs vary in shape from short rods to round types. In addition, some are much flatter than others. Fig. 5-12 show typical fields of preparations from both healthy and diseased plants. It may be noticed that some of the flatter types have a ring around them. This ring is seen only in virus bodies; it is never seen around bodies in preparations from healthy plants. The ring gives the appearance of a membrane that has collapsed to give a fold or has torn and slid off the central part of the body. Fig. 13-21 show bodies that appear to be intermediates between the various extremes of shape. Fig. 13-16 contain  rods that have the ring. Fig. 17 shows a type intermediate between the rods and round forms. It gives the appearance of a rod, one end of which has collapsed and spread out. Drawing 22 is of two overlapped rod-like bodies from fig. 9 at A. Drawing 23 represents an irregular virus  body (A) from fig. 23.   pictures were obtained, as in fig. 9 , that were very similar to those published by Black et al. (1948) . This particular concentrate was prepared by adding formaldehyde a few hours after the leaves were ground. However, this procedure did not always result in concentrates that gave pictures with a high proportion of rods.
The appearance of the virus particles with a round or rod shape in electron micrographs may reflect the variability in the shape of this virus.
DIsCUSSION.-The main advantage of the above method for the determination of sedimentation constants is the ease with which biological or chemical activity can be used as the criterion for the presence of the desired entity. The preparation needs only to be concentrated enough so that the entity in question can be detected in a small sample. A quantitative assay is not needed, a qualitative one suffices. If the assay is sufficiently sensitive, the centrifugation can be carried out at a concentration low enough to make the effect of impurities negligible. This concentration will vary from case to case and should be determined for each type of preparation. For large particles with sedimentation constants above 200 or 300 Svedberg units, the simple equip. ment used in the present experiments may be used. The fact that several tubes can be used at once makes it possible to get several values so that some of the random errors cancel each other. Refinements in this technique should permit more precise measurements.
The diameter of the hydrated virus, as calculated from the sedimentation constant and using a value of 1.17 for the hydrated density, is 110 m,u., the volume 690 X 103 m,u., and the "particle weight" is 490 X 106. In these calculations the virus was assumed to be spherical and to follow Stokes' law. The virus bodies seen in the electron micrographs vary in diameter from 120-290 m,u. and in height up to 50 m,u. with most being less than 30 m,u. In many fields, the bodies were so flat that they had no shadow or one falling only from their edges. In such cases, it was impossible to make a reasonably accurate estimate of their heights. To get as good a value as possible of the size of the virus bodies from the electron micrographs, four fields were selected in which the bodies had good shadows (as in fig. 23 ) and all the isolated virus bodies on these fields were measured. The histogram shown in fig.  24 represents the number of bodies found in each range of volumes. In calculating these sizes the virus bodies were assumed to have the shape of half an oblate ellipsoid. A close inspection shows that this is not strictly true for most of them have irregular contours. In addition to the error caused by this irregular shape, there is an error in the linear measurements of nearly 10 per cent which could not be avoided because of the limited resolution on further magnification. Since the volume is, a cubic measurement, this could lead to an error in the volume of almost 30 per cent. Theoretically this error should have been random, but actually it was not, as was shown by analysis of the measurements. In making the measurements, it was necessary to estimate the second significant figure. The analysis demonstrated that in making these estimates the experimenter had an unconscious preference for estimating figures that were multiples of five. This led to the bimodal distribution of volumes seen in fig. 24 . It may also have made the, measured average volume larger or smaller than the actual average volume.
The volume of the virus as obtained from the electron micrographs is larger than the value ob--tained from the sedimentation constant despite the fact the former value refers to the volume of the dry virus while the latter refers to that of the hydrated virus. However, the discrepancy is not serious for it may be due to the errors made in the measurements on the electron micrographs and to the probability that the assumption made in calculating size from these measurements and from the' sedimentation constant do not strictly hold.
There is one error in calculating size from the electron micrographs that leads to a consistent overestimate of size. This error arises from the fact fig. 24 give an erroneous impression in another respect, i.e., concerning the size distribution of the bodies. As mentioned above, errors in the linear measurements were not random and led to a larger number of bodies at the ends of the distribution curve than there should have been. The infectivity data, when calculated as the proportion of active virus with a sedimentation rate less than that of the boundary (column six of table 1), give evidence that there is less virus at the small end of the size distribution range than indicated by fig. 24 . The two sets of values are not directly comparable since the sedimentation rate is proportional to the square of the radius while the volume is proportional to the cube of the radius. If the size distribution curve is symmetrical, there should also be a rapid falling off in the number of bodies as the size increases above that of the bodies in the boundary. The bodies in micrographs of mounts prepared from samples removed from below the boundary showed at least as great a variation in apparent size as the range reported in fig. 24 and yet these bodies, by the very fact that they were removed from a short distance in the tube, could not have had a size distribution greater than about 30 per cent. It must be concluded that the size distribution indicated in fig.  24 is incorrect, caused in part by error in measurement and in part by the fact that a real variation in shape causes an apparent variation in calculated size.
The hydrated density as determined above (1.17) may not be absolutely identical with the density of the virus as it exists in the plant cell or in dilute solutions. However, it is useful for comparison with similar values for other plant viruses determined by the same method. Schachman and Lauffer (1949) found a value of 1.27 for tobacco mosaic virus and Taylor and Lauffer (1949) found a value of 1.25 for southern bean mosaic virus. This indicates that potato yellow-dwarf virus is either more highly hydrated than these two or else has a lower anhydrous density. A high hydration would be consistent with both this low hydrated density and the variation in shape of the bodies seen in the electron micrographs.
The potato yellow-dwarf virus appears to be quite different from other plant viruses previously investigated in these particulars. Its large size, low density, variable shape in electron micrography, and the suggestion of a membrane seen in some electron micrographs all are properties that distinguish this virus from those previously described. These properties are consistent with the conception that it may be a microorganism. 
